SUMMARY The sudden death rate from coronary heart disease over a mean period of 4 years was related to the electrocardiographic findings in 3 groups of subjects, survivors ofmyocardial infarction, employed men, and employed men with no symptoms or history ofcoronary disease. Within each group the sudden death rate correlated with the number of electrocardiographic findings, particularly Q, ST, and T wave items. However, between groups there were large differences in sudden death rates in subjects with the same findings. These were greatest in the case of ventricular conduction disturbances and disturbances of rhythm and rate which appeared to be benign in those free of symptoms but ominous after infarction. Findings predictive of sudden death were also predictive of non-sudden coronary deaths. It is concluded that the electrocardiogram is only one of several aids to the diagnosis and assessment of severity of disease and not a substitute. Prognoses derived from clinical case series are inappropriate to symptomless individuals in whom isolated electrocardiographic findings denote little increase in risk.
The resting electrocardiogram is used not only in parallel studies, in which subjects of similar age the diagnosis of disease but in the assessment of its had their electrocardiographic findings and deaths severity, and there may, therefore, be a temptation coded by the same methods and the same investito use electrocardiographic findings as the sole gators, have been used to make a direct comparison basis for estimating prognosis. Despite the wide-of the prognostic value of certain electrocardiospread use of this method of investigation oppor-graphic findings in predicting sudden death in three tunities to validate electrocardiographic predictions groups of subjects. These were survivors of myoseldom arise, as they depend on the standardised cardial infarction, employed men in industry, and recording and analysis of the electrocardiogram in employed men who, at the time of recording of large numbers of subjects whose fate is followed over the electrocardiogram, had no history or symptoms a number of years. Several such studies have been suggestive of coronary heart disease. By these reported, either on known sufferers from coronary means it was possible to estimate how much heart disease (Shanoff et al., 1966; Leren et al., electrocardiographic findings alone determined 1970; Connolly et al., 1971 Connolly et al., , 1972  Coronary Drug prognosis and how much it depended on a history Project Research Group 1972 , 1973a ), on occupa-or symptoms of coronary heart disease. In addition tional groups (Fisher and Tyroler, 1973) , on sudden and non-sudden coronary deaths were residents of defined communities (Chiang et al., compared to see if they had the same electrocardio-1969, 1970) , or in those free of symptomatic graphic predictors. coronary heart disease (Blackburn et al., 1970 and March 1973 (Rose, 1970  men and 55 women. There were 61 deaths durWorld Health Organisation European Collaboring a mean follow-up period of 43 years, 13 ative Group, 1974) .
from non-coronary causes and 48 from coronary (3) Symptomless The above employed men less those heart disease of which 40 were classified as who were scored positive in a self administered sudden, yielding a sudden death rate during questionnaire for possible angina pectoris of follow-up of 12-9 per cent. effort or possible previous myocardial infarction (2) Employed The 9166 men were fairly evenly (Rose and Blackburn, 1968) or who gave a spread over the age span 40 to 59 years. There history of diagnosed or suspected heart disease.
were 222 deaths during a mean follow-up The method of recording the electrocardiogram period of 4-0 years, 114 from non-coronary was not identical in the two studies. The postcauses and 108 from coronary heart disease, of infarct patients had a 12 lead single channel record which 87 were classified as sudden, yielding a lasting 20 to 30 seconds which was analysed by one sudden death rate of 0 95 per cent during reader using the Minnesota code (Rose and Blackfollow-up. burn, 1968) . The employed (and symptomless) (3) Symptomless The 8228 men remaining after men had a 12 lead, 3 channel, record lasting 20 the exclusion of those positive on the screening seconds of which the limb leads were coded by 2 questionnaire were responsible for 160 deaths readers.
during a mean period of follow-up of 4 0 years, In both studies mortality was followed through 96 from non-coronary causes and 64 from local sources. In addition the subjects' record coronary heart disease, of which 51 were cards were marked at the National Health Service classified as sudden, yielding a sudden death Register Centre so that copies of any death certifirate of 0-62 per cent during follow-up. cates received there would be forwarded. (The The frequencies of grouped electrocardiographic few cases in which this proved impossible are findings using the major Minnesota code classes excluded from this report.) Further information on are shown in Table 1 , with the sudden death rates circumstances of deaths was obtained from medical associated with them. The proportion of positive and forensic sources. All deaths notified up to April graphs and of sudden deaths so predicted is highest 1976 were included in the analysis. The electro-in the postinfarct patients and least in the symptomcardiograms from both studies were coded by less, with the employed men intermediate. The members of the same team and the deaths were attributable death rate follows a similar gradient coded by the same observer, without knowledge of but in most cases the relative risk of sudden death the electrocardiographic findings.
between those with and without an electrocardioFor the purposes of the main analysis sudden graphic item is greatest in the employed men.
death was defined as death attributed to coronary
In Table 2 some more specific electrocardioheart disease occurring definitely or possibly graphic findings are analysed. In each case there within 24 hours of the onset of acute symptoms. are gross differences in their associated sudden The sudden death rate was the number of such death rates between the three groups of subjects, deaths over the period of follow-up per hundred at the postinfarct patients suffering a high mortality risk at the start; the prevalence of an electrocardio-in association with intraventricular block or frequent graphic finding was the percentage of positive ectopic beats, the employed men are again interelectrocardiograms for any item; and the percentage mediate, but symptomless men, despite reasonable of sudden deaths predicted was that percentage of numbers coded positive, suffered no losses. the total that occurred in subjects with positive In Table 3 a simple analysis is made of combinaelectrocardiograms, The relative risk was the tions of electrocardiographic findings and their sudden death rate in those coded positive for an associated outcomes. Each group of subjects shows electrocardiographic item divided by the rate in a gradation of risk of sudden death with increasing Discussion duction in the proportion of deaths so predicted. Again there is a pronounced gradient in the It was expected that the sudden death rate and the prevalence of these paired abnormalities and in the proportion of deaths attributed to coronary heart sudden death rate in those coded positive between disease would be higher in survivors of recent myothe three different groups studied.
cardial infarction than in a mixed population, and The data were re-examined using differing higher in the latter than in those with no symptoms. definitions of sudden death and contrasting deaths The question under investigation, however, was occurring more and less than 24 hours from the whether the prognosis associated with electroonset of an attack. In each group studied there was cardiographic findings varies in populations with some tendency for the proportion of deaths that different sudden death rates. These results suggest were sudden to be related to the presence and that the answer is yes. Though the numbers on number of electrocardiographic findings at screen-which prognoses are based in some of the Tables   Table 3 Sudden 7-1, 7-2, and 7-4 Symptomless 6 0 0 0 0 are small and the multiple comparisons make tests of electrocardiographic phenomena should not detract significance inappropriate, the tendency towards a from consideration of the underlying pathological better prognosis in symptomless subjects, whatever process or consideration of other coronary risk the electrocardiographic finding, is too consistent factors. to be ignored. The electrocardiogram should not, These findings can also be used to demonstrate therefore, be used to generate a prognosis without the likely results of screening different populations other data on the subject in whom it was recorded. by electrocardiogram. In symptomless individuals Most, but not all, of the prognostic sting of electro-the yield of positives is low as is the attributable cardiographic findings can be removed if the sudden death rate so that, for example, Q, ST, and subject proves to be symptomless. The electro-T findings each occur in a small percentage and are cardiogram is only one of several risk factors associated with attributable death rates of 1P5 to 1 8 related to prognosis (Coronary Drug Project per cent over 4 years. Such screening might be Research Group, 1973b; Rose et al., 1977) . This justified by the existence of a safe and effective study, therefore, confirms the results obtained by treatment that removed the excess risk. However, collating separate previous reports. It is of some even if it existed it would involve some 200 manimportance when an increasing proportion of years of treatment for each one gained. ST and T electrocardiograms is being recorded on those free wave findings are not necessarily repeatable and of symptoms, when reports may be made in isolation may be induced in some symptomless subject with from clinical data or with the assistance of com-normal coronary arteriograms by adrenaline inputers, and when both clinicians and computers fusion (Taggart et al., 1977) . The low attributable are largely trained on hospital patients, but may be sudden death rates and observations such as these asked to report on subjects whose only complaint is suggest that ST and T wave findings are not electrocardiographic (Caceres, 1976; Bertrand, specific for coronary heart disease and that the 1976; Lancet, 1976) .
results of one resting electrocardiogram in a That the prognostic significance of an electro-symptomless individual may be insufficient grounds cardiographic finding is not determined uniquely for stigmatising him or her and embarking on by that finding suggests that electrical diagnoses are treatment. inadequate substitutes for a full clinical assessment It might be argued that different methods of and pathological diagnosis. The electrocardio-recording and analysing both the electrocardiographic predictors of sudden death revealed here grams and the deaths would lead to different condo not appear to be specific for sudden death as clusions. For example Minnesota code 8-1, for distinct from death from coronary heart disease. frequent ectopic beats, includes any form of The primary predictors appear to be those common-ectopic beat that occurs in 10 per cent of comly accepted as indicators of ischaemia (Q, ST, and plexes, but discounts rarer ones which might in any T findings). The secondary predictors, which case be missed in a resting record lasting half a appear to operate only in those with established minute or less. While longer records or more ischaemia (ventricular-conduction disturbances and specific analysis might have modified the condisturbances of rate and rhythm), appear to be clusions somewhat, this code was adequate to denon-specific indicators of the degree of muscle limit an abnormally high risk group in the postdamage. This suggests that preoccupation with infarction subjects but one in which there were no sudden deaths in the symptomless. 
